This report concerns an investigation of an important aspect of fungal growth, the nature of the spore surface. The spore is the propagative body of the fungus so a knowledge of its germination process is of primary importance. The surface of the spore necessarily plays an integral part in this process since it is the first point of contact between the spore and such factors as water, food, and poison. It is obvious then that the nature of the spore surface should be a subject of intense study if better control measures are to be realized.
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The organism chosen for this study was Aspergillus niger since it grows on a variety of substrates and much is known of its physiology. The technique of microelectrophoresis was used to determine the natuire of the spore surface. Electrophoresis has been used in studies of bacterial spores (Moyer, 1936; Dyar, 1948; Barry and James, 1952;  to name a few), but its application to the study of fungus spores has been limited (Douglas, Collins, and Parkinson, 1959) .
MATERIALS AND METHODS
A detailed description of the apparatus used in this study is contained in a Naval Research Laboratory report (Hannan, 1959) . However, a few words concerning the apparatus and method are in order here for the benefit of the reader.
The electrophoresis cell used in this study is available commercially from the Arthur H. Thomas Company.' It was positioned laterally on the stage of a microscope which was maintained in the vertical position. The whole electrophoresis assembly was made of glass, the electrodes being formed in the throat of standard taper 10/24 joints which were fit snugly into the corresponding female joints. The electrodes were of the silver-silver chloride type immersed in saturated KCI solution. Plugs of plaster and agar were used to contain the electrode liquid and prevent diffusion into the spore suspensions.
In the determination of the effect of pH on the mobility, the ionic strength of the suspension was 0.1 and the current passed through the suspension was 2.5 to 3.0 ma. In all other experiments the suspending medium was 0.01 M NaCl and the current used was 0.20 to 0.30 ma. In each experiment observations were made on 20 spores, the current being reversed after each reading.
I Arthur H. Thomas Company, Philadelphia, Pennsylvania.
The spores used in this study were collected from cultures of A. niger van Tiegh strain ATCC 6275 grown on a liquid medium in 2-L Fernbach flasks. The composition of the medium was the following: NH4NO3, 3.0 g; MgSO4r7H20, 0.5 g; KCl, 0.5 g; KH2PO4, 2.0 g; FeSO4. 7H20, 0.01 g; glucose, 200 g; and distilled water to make 1 L.
After 2 weeks of incubation, the liquid medium was decanted and the mat of mycelium was dried by gentle heat and reduced pressure. The spores were dislodged by raking a wire across the surface and then collected on a Seitz filter by suction.
RESULTS The experiments described in this report concern only two objectives: (a) the determination of the nature of the surface coating of the spores and, (b) the effects of some chemical treatments on the mobility of the spores.
Since the time between the first and last experiments was about 4 months, the spores used wvere not all of the same age. However, they were collected from one culture. The order in which the experiments were performed does not coincide with that given here.
Determination of the Nature of Surface Coating Effect of pH on mobility. A plot of mobility vs. pH, at constant ionic strength, is useful in determining the character of the surface. In this experiment a series of Veronal buffers was used as suspending media for the spores. The ionic strength was maintained at 0.1 by the addition of NaCl. Figure 1 is Effect of anionic detergent on mobility. This experiment may be considered a test for a hydrocarbon surface. Dyar (1948) has shown that hydrocarbon surfaces show an increase in negative mobility when treated with anionic detergents because the carbon chain of the detergent dissolves in the hydrocarbon surface, leaving the anionic portion of the detergent oriented toward the water phase. This gives the test particle an increased negativity and thus an increased negative mobility. Spores of A. niger were suspended for 15 min in a 0.01 M solution of sodium lauryl sulfate, washed twice, and then suspended in 0.01 M sodium chloride, pH 4.0. The mobilities of these treated spores and the corresponding controls are given in table 1. The detergenttreated spores had a significantly lower mobility than the controls. Therefore, the spore surface was not a fatty material, otherwise the negative mobility would have increased. It was learned later that the decrease in the mobility was caused by the pH of the detergent solution (7.4).
Effect of sucrose on mobility. Douglas (1950) has shown that sucrose is adsorbed on fatty surfaces and reduces their negativity. Also he has shown that the addition of sucrose to the suspension medium has little or no effect on the mobility of particles whose surfaces are essentially polysaccharide. This is reasonable since an adsorbed film of sucrose on the surface of a particle should have the same electrophoretic characteristics, roughly, as any neutral polysaccharide coating. The purpose of this experiment, therefore, was to determine whether or not the spores had a polysaccharide coating. The spores were suspended in a 0.01 M solution of sodium chloride, pH 4.0, containing 1 per cent sucrose. This amount of sucrose had a negligible effect on the viscosity of the solution, hence the mobilities in sodium chloride solutions, with and without the sucrose, were directly comparable. The results of the experiment are shown in table 1. Although there was a difference in the mobilities of the two sets of spores, it was not considered significant, indicating that the spore surface was probably a polysaccharide. Since washing the spores did not affect their mobility, it was postulated that the surface polysaccharide was a starch since most starches have a lower solubility than other carbonhydrates. The next experiment was designed to test this hypothesis.
EfJect of Taka-Diastase on mobility. If the coating of A. niger spores is a starch, then the mobility of the spores should change after treatment with a starchhydrolyzing enzyme. Taka-Diastase was used to promote this hydrolysis.
One gram of Taka-Diastase powder (Parke Davis2) was dissolved in 200 ml water. This solution was used to make suspensions of spores, roughly 13 ml of spores per 10 ml enzyme solution. These suspensions were incubated for 4-and 24-hr periods after which the spores were washed several times with water and their mobilities determined under the standard conditions.
Since the Taka-Diastase may have been adsorbed by the spores, consequently changing their mobility by a physical rather than an enzymatic process, one suspension was made up in which the enzyme had previously been boiled. niger has been shown to be a rapid process. Leonard and Klemme (1958) , using Hg203 as a tracer, have determined the amount of organic mercury sorbed by these spores. The uptake is so great that it cannot be explained on the basis of a surface reaction. The area of the sorbed mercury atoms alone is greater than the calculated surface area of the spores. One naturally wonders whether the mercury affects the surface at all or whether it is an internal toxicant. Therefore, the action of three mercurials on spores of A. niger was determined. Spore suspensions were made with 0.01 M solutions of mercuric acetate, phenylmercuric acetate, and pyridylmercuric acetate and allowed to stand for 15 min.
(Other experiments of Leonard and Klemme had shown that less than 1 min was needed to provide most of the uptake for the spores.) The spores were then washed with water and their mobilities determined in 0.01 M NaCl adjusted to pH 4.0. The results are shown in table 1. The mercuric acetate and the phenylmercuric acetate increased the negativity of the spores over the controls when the mobility was measured at pH 4.0, but the pyridylmercuric acetate seemed to have the opposite effect. It was felt that the lower mobility of the "pyridyl-" spores might be caused by the acid medium in which the mobility was determined. Presuming that the mercurial is attached to the surface of the spore, the pyridine moiety could pick up a proton at pH 4.0, thus increasing the positive character of the ion cloud around the spore and consequently decreasing its negative mobility.
To test this hypothesis, the experiment was repeated except that the mobility was determined at pH 7.0 in 0.01 M NaCl. In this neutral medium there should be no attraction of protons to the pyridine segment, and this mercurial should have roughly the same effect on the mobility of the spores as the other mercurials. Another observation to be made is the rather constant difference between the mobilities at pH 4.0 and pH 7.0 for all spores except the "pyridyl-treated." This might be due to a change in the ionic species or to a change of the surface common to all three sets of spores. In a previous experiment, with sodium lauryl sulfate, it was shown that a pH of 7.4 actually made a change in the surface of the spores. Whether the spores were materially affected in this experiment at pH 7.0 is a matter of speculation at this point.
Effect of alkali. Water suspensions of spores of A.
niger usually have a brown color. If the suspension is made alkaline, a very dark pigment is released and the suspension becomes black. It was decided to determine whether the treatment with alkali affected the surface; if so, this change should be reflected in the mobility.
Spores were soaked in 0.01 M NaOH (pH about 12.0) for 15 min, washed twice, then suspended in 0.01 M NaCl, pH 4.0. Table 1 shows the results of this experiment. It is obvious from the results that the treatment with alkali materially changed the spore surface. Whether the black pigment is located on the surface or in the interior of the spore is undetermined, however.
Effect of acid. Spores of A. niger were suspended in 0.01 M HCl for 2 days, then washed, and their mobilities were determined in the standard manner. No change had taken place in their surfaces since they had the same mobility as the controls. Also, the controls which were soaked in water for this period were unchanged from their normal value.
Effect of freezing. Spores which had been washed twice were centrifuged, the supernatant liquid was drawn off, and the tube was placed in the freezing compartment of the refrigerator for several days. Their mobility was determined in the usual manner and found to be unchanged.
DISCUSSION
The mobilities are less reproducible than one would expect of an analytical method. The chief source of error lay in the performance of the silver-silver chloride electrodes of the apparatus and the results of any single experiment had to be subjectively analyzed by the operator in the light of his experience with the apparatus. Experiments in which significant differences were not apparent were repeated in order that the results might be judged better. In each experiment a 1961] set of controls was contrasted with a set of treated spores.
Toward the end of the investigation reported here a set of palladium electrodes was used with startlingly satisfactory results. This development is described in a paper by Neihof and Schuldiner (1960) .
The interpretation of electrophoretic data pertaining to fungus spores is complicated somewhat by the mechanism which allows the transport of material back and forth through the spore wall. An interior component of the spore can be released and then adsorbed on the surface, resulting in an effective change of the surface wvhich was not caused by the treatment being studied.
The data reported in this study lead to several conclusions:
1. The surface of A. niger spores contains little or no protein.
2. The surface can bind metal ions.
3. Starch appears to be one of several components of the surface.
Starch. The literature contains little information on the surface composition of spores but perhaps some valid inferences can be made from the data which are available. Castle (1945) makes a strong case for his belief that chitin is the chief structural component of the conidiophores of A. niger, but this does not mean that chitin is on the surface. Castle made no attempt to determine the composition of the surface but he writes of the granular appearance of the cytoplasm, also stating that granules are particularly prominent toward the apical end of the conidiophore prior to spore formation. He postulates that these granules may become a part of the spore wall. Castle's use of the term "granules" suggests the possibility that these particles may be starch. The results of the staining procedures described by Castle could be explained by the presence of a particular form of starch, amylopectin, in the cytoplasmic granules. It must be mentioned, however, that Castle does not suggest the possibility that these granules are amylopectin, nor does he mention the word starch. He was concerned with proving beyond doubt that the skeletal structure was not cellulose, as had been alleged by Farr (1944) .
Other components. There is reason to believe that the spore surface contains an acidic group and a hydrolyzable group. These are inferences from the mobility changes caused by treating the spores with solutions of pH 7.4 and 12.0. The mobilities after these treatments were both significantly lower than the usual control value.
The slightly alkaline treatment (pH 7.4 for 15 min) would neutralize a carboxyl group and undoubtedly hydrolyze certain esters. The treatment with 0.01 M NaOH, approximately pH 12.0, would effect these same results and also hydrolyze a greater number of the same ester groups, or those more difficult to hydrolyze.
The change of the mobility of spores of A. niger after treatment with alkali indicates a modification of their surface. That this change is toward a decreased mobility is further support for the belief that starch is a component of the surface-this follows from the results of two unrelated investigations: (a) Bajaj, Damle, and Krishnan (1954) showed that spores of A. niger accumtulate phosphorus; furthermore, that the phosphorus is in an easily extractable form, and (b) Gortner and Gortnier (1949) , in describing the work of Taylor, Samec, and others, says that starches contain traces of phosphoric acid ("more and more the theorem is being accepted that amylopectin represents a phosphoric acid ester of the starch molecule").
If these concepts are related and the starch is bound as a phosphate ester, then the removal of the phosphate group would result in a decreased mobility. Admittedly these bits of unrelated evidence cannot be used as additional proof of the existence of a starch on the spore surface, but they can form the basis of tentative judgments to serve as stepping stones for futture re-
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SUMMARY
The surface of spores of Aspergillus niger was stuidied by the microelectrophoresis technique. The predominant characteristic of the surface is that of a polysaccharide, probably a starch since the mobility of the spores changes after treatment with Taka-Diastase, a starch-hydrolyzing enzyme. Also, the surface appears to contain an acid group which is readily neutralized, and a group which is easily hydrolyzed by dilute alkali.
Slow acid production by lactic starter cultures during the manufacture of cheese and cultured dairy products is a major problem in the dairy industry. Interest has grown in factors that stimulate lactic culture activity. It is well recognized that certain protein fractions in milk contribute to increased acid production and that heat treatments of milk are also involved. Speck and Ledford (1959) found pancreas extract to be stimulatory and utilized it in cottage cheese manufacture.
Associative growth with Bacillus subtilis was reported by Rice (1949) 
MATERIALS AND METHODS
The procedure used was to measure the titratable acidity produced by lactic starter cultures when filtrates from milk cultures of the strain of P. fluorescens were added under varying conditions.
Propagation of stock culture of P. fluorescens. The culture was carried in litmus milk at 21 C with transfers made at weekly intervals. Reserve cultures were carried on Tryptone glucose yeast agar2 slants held under refrigeration with transfers made at intervals of 2 to 3 months.
Filtrate preparation. The substrate consisted of nonfat milk solids (tested to insure absence of inhibitory substances) reconstituted in distilled water to 9.0 per cent solids. It was dispensed in 50-ml quantities into 250-ml Erlenmeyer flasks and autoclaved for 20 min at 15 lb pressure. The substrate was inoculated from the 21 C milk stock culture of P. fluorescens and incubated at 30 C. Obvious proteolysis occurred in 1 day and progressed with holding. Following preliminary tests on filtrates of cultures incubated 2 days and specific tests on filtrates from cultures incubated 4, 10, or 18 days, all subsequent work was done with filtrates from 10-day cultures. The proteolyzed cultures were Seitz-filtered and filtrates were used within 2 hr of preparation. Periodically, filtrates were streaked on Tryptone glucose yeast agar plates to test for sterility.
Lactic starter cultures. These were regular multiplestrain, mixed type, commercial cultures obtained from
